Mammary phyllodes tumors are uncommon stromal neoplasms, and are divided into benign, borderline and malignant groups basing on histologic criteria. While benign phyllodes tumors may recur, borderline phyllodes tumors show higher propensity to recur locally and rarely metastasize, and malignant phyllodes tumors show even higher chances of local recurrences or distant metastases. c-kit is a proto-oncogene that encodes a tyrosine kinase receptor (CD117) and is a marker for gastrointestinal stromal tumors (GIST). With the advent of therapeutic agent targeted at this receptor for GIST, we investigated 179 phyllodes tumors (101 benign, 50 borderline, 28 malignant) for c-kit expression using immunohistochemistry. The staining was compared to the degree of malignancy, and to the degree of stromal cellularity, mitotic activity, nuclear pleomorphism and stromal overgrowth. The overall positive rate for c-kit was 29% (52/179) and 17% (17/101), 24% (12/50) and 46% (13/28), respectively, for benign, borderline malignant and frank malignant phyllodes and the differences between all categories were significant (v 2 ¼ 13.844, P ¼ 0.001). In mammary phyllodes tumors, there was increasing c-kit expression with increasing degree of malignancy, up to 46% in malignant cases. This provides strong evidence that c-kit receptor mediated tyrosine kinase involvement in the pathogenesis of phyllodes tumors, and the therapeutic agent, STI571, Glivec, may be a potentially useful drug for its management.
Mammary phyllodes tumor is an uncommon stromal epithelial neoplasm, constituting 0.3-0.5% of all breast lesions. [1] [2] [3] [4] [5] It usually occurs in middle-aged females, but can rarely occur in a younger age group and in men. Based on a combination of histologic criteria, which includes stromal cellularity, nuclear pleomorphism, mitotic rate, stromal overgrowth and the margin status (whether infiltrative or rounded), phyllodes tumors can be divided into benign, borderline and malignant groups. 1, 6 While all groups of phyllodes tumors show a propensity to recur locally, the borderline and malignant groups may also metastasize to other visceral organs.
c-kit is a proto-oncogene that encodes a tyrosine kinase receptor (CD117) and is a marker for bone marrow progenitor cells 7 and gastrointestinal stromal tumors. 8 The expression of c-kit in mammary phyllodes tumor has not been widely investigated, 9, 10 with the reported case number being less than 50. Another stromal tumor of the breast, termed 'periductal stromal tumor', has also been demonstrated to express c-kit. 11 Given the advent of specific therapy targeted at this tyrosine kinase receptor, and the known propensity of mammary phyllodes tumors to recur or metastasize, and with preliminary results suggesting increased c-kit expression in malignant phyllodes tumor, 9 it is imperative to follow on this observation using a larger series. This paper presents the findings of an international multicenter study of c-kit expression in 179 phyllodes tumors, the largest series documented in the literature.
Materials and methods
The histologic files of the four participating institutions were searched for phyllodes tumors of the breast. The number of years searched ranged from 4 to 15 years. The paraffin blocks were retrieved and 4-mm slides were prepared routinely and stained with hematoxylin and eosin (H&E). All the slides were reviewed for the following histologic parameters: (1) stromal cellularity; (2) nuclear pleomorphism; (3) stromal overgrowth; (4) mitotic rate; and (5) margin of the tumor (whether infiltrative or rounded). Parameters (1) and (2) were graded as low/mild, moderate or severe; stromal overgrowth was graded as present or absent; and the mitotic count was expressed as the number of mitotic figures per 10 high-power fields ( Â 400, Nikon Labophot, field area 0.19 mm 2 ). As previously described, 12 a diagnosis of benign phyllodes tumor was made when there was low cellularity, no stromal overgrowth, mild pleomorphism, a rounded margin and a mitotic count of 2 or less per 10 highpower fields. Malignant phyllodes tumor was diagnosed when the mitotic count was 5 or more per 10 high-power fields together with stromal overgrowth and an infiltrative margin. Phyllodes tumor of borderline malignancy was diagnosed when the criteria for malignant phyllodes tumor were not totally fulfilled.
For the assessment of c-kit expression, a representative slide from each case was stained using an antibody against c-kit (Novacastra, UK; 1:40) with the avidin-biotin method. The staining of the stromal cells was assessed, using the cytoplasmic staining of the breast epithelium as internal control. The staining was assessed for intensity, graded as 0 if there was no staining, low, intermediate or high if the staining was weaker than, the same as or stronger than that of the epithelium. The percentage of the cells showed that staining was also assessed. The phyllodes tumor was considered positive for c-kit if there was moderate-to-strong cytoplasmic staining in 20% or more of the stromal cells.
For the statistical analysis, ANOVA with post hoc comparisons was used to determine differences in patient ages and tumor sizes between benign, borderline malignant and frankly malignant phyllodes tumors. w 2 test and w 2 test for trend were used to determine the difference between the expression of c-kit among the three categories of phyllodes tumors. The statistically significant level was set at 5%.
Results
A total of 179 cases of phyllodes tumors were included in this series. These tumors were obtained from 173 patients, all of whom were women. Among all the 179 tumors, there were 157 phyllodes tumors without known recurrence, seven initial tumors that later recurred, 13 first recurrent tumors and two second recurrences. In total, there were 101 benign phyllodes tumors; 50 phyllodes tumors were of borderline malignancy and 28 frankly malignant phyllodes tumors. The overall patient age range was 14-77 years (mean 42 years), and the tumor size range was 0.8 -22 cm (mean 4.2 cm). In all, 89 phyllodes tumors were from the left breast, 88 were from the right, and in two cases, the tumor sites were unknown. For the ethnic group distribution, 105 patients were Chinese, 30 were Caucasians, 12 were Malaysians, seven were Indians, seven were Indochinese, and 12 patients whose ethnic groups were not known.
For the benign phyllodes tumors, the patient age range was 14-60 years (mean 39.7 years). The tumor size range was 0.8-22 cm (mean 4 cm). For the phyllodes tumors of borderline malignancy, the patient age range was 15-77 years (mean 45.4 years), and the tumor size range was 1-20 cm (mean 5.5 cm). For the malignant phyllodes tumors, the patient age range was 19-70 years (mean 45.9 years), and the tumor size range was 1.5-22 cm (mean 6.7 cm). There was an increase in the average patient age from benign to borderline malignant to frankly malignant phyllodes tumors and the differences were statistically significant (F ¼ 6.782, P ¼ 0.001). The tumor sizes also showed a similar trend, with increasing degree of malignancy associated with increasing sizes. The difference between the benign and borderline malignant groups was statistically significant (P ¼ 0.030), but not between the latter group and the malignant group (P ¼ 0.996).
For the expression of c-kit by immunohistochemistry, the overall positive rate was 52 out of 179 (29%) phyllodes tumors. For the different categories of phyllodes tumors, the respective positive rates for benign, borderline malignancy and frankly malignant phyllodes tumors were 17 of 101 (16.8%), 12 of 50 (24%) and 13 of 28 (46.4%) ( Table 1, Figures 1  and 2 ). Using w 2 test, the differences between all categories were significant (w 2 ¼ 13.844, P ¼ 0.001). Hence, there is a statistically significant increase in c-kit expression from benign to borderline to frankly malignant phyllodes tumors (Kendall's tau, T ¼ 3.184, P ¼ 0.001).
In our series, there were seven phyllodes tumors that later recurred, 13 first recurrences, two second recurrences and two with distant metastases. The expression of c-kit was noted in one of seven phyllodes tumors that eventually recurred, four of 13 first recurrences, none of the second recurrences and in one of two with distant metastases. There PT ¼ phyllodes tumors; % ¼ percentage.
C-kit expression in mammary phyllodes tumor GMK Tse et al was no relationship between c-kit expression and recurrence. In addition, several unique morphological features were observed. Although the general trend of increasing staining was observed with increasing degree of malignancy, staining was also present in some benign phyllodes tumors. In all categories of phyllodes tumors, the distribution of c-kit expressing stromal cells was located mostly in the subepithelial areas where there were condensations of the stromal cells with a focal increase in cellularity. In those cases in which the occasional stromal giant cells were observed, irrespective of the degree of the malignancy of the phyllodes tumors, these giant cells tended to show positive staining.
Discussion
The c-kit gene encodes a transmembrane tyrosine kinase receptor protein. In the breast, it has been found to be expressed in the normal breast ductal epithelium and myoepithelial cells, with reduced expression in benign breast lesions and carcinoma. [13] [14] [15] [16] Previous studies that focused on carcinoma of the breast showed markedly reduced expression of c-kit in carcinoma, [13] [14] [15] [16] borderline epithelial lesions 16 and in the breast cancer cell line MCF 7, in which c-kit was thought to mediate inhibitory signals for the growth of cancer cells in the breast. 17 In one study, however, it was found that poor prognosis cancers of the breast showed positivity for c-kit by immunostaining in the majority of the cases (82%), 18 illustrating that this issue is not yet settled.
The expression of c-kit in phyllodes tumor is even less well studied. In the most recent large study on phyllodes tumors, the c-kit expression rate was cited to be 50% for malignant phyllodes tumors and 5% for benign phyllodes tumors by immunohistochemistry. 9 In contrast, another study 16 failed to demonstrate any c-kit expression in the borderline malignant and frankly malignant phyllodes tumors. These apparently conflicting results in the literature require further clarification with a larger series as the therapeutic agent, STI571 (Glivec, Novartis), directed towards c-kit expressing tyrosine kinase is useful against gastrointestinal stromal tumors. STI571 appeared to be specific for GIST with KIT mutation, as in the EORTC trial, 19 it was not effective to all non-GIST soft-tissue tumors that did not express c-kit. Furthermore, a recent study demonstrated that in late-stage metastatic GIST, different mutations within the KIT gene resulted in different STI571 effectiveness. 20 In malignant phyllodes tumors, as the lesional cells are also stromal in origin, an understanding or a more comprehensive assessment of the c-kit expression in phyllodes tumors may be crucial for possible future use of STI571 in these tumors. However, as the effectiveness in other soft-tissue tumor of STI571 has not been conclusively demonstrated, it is still too early to speculate on its role in mammary phyllodes tumors.
In the current study, which is to our knowledge the largest series documented in the literature, it is shown that the expression of c-kit in phyllodes tumors as indicated by strong immunostaining progressively increased from benign to malignant tumors. This finding is similar to that seen in two other recent studies, 9, 10 and confirms the previous observations of increased c-kit expression with increasing degrees of malignancy. In another study, c-kit expression was documented in a group of stromal lesions of the breast that lacks definite phyllodes-type architecture. These lesions were classified as periductal stromal hyperplasia when the stromal component was benign, and as periductal stromal sarcoma when the stromal component shows malignancy. 11 In that series, c-kit expression was reported in the periductal stromal sarcoma, but not in the periductal stromal hyperplasia, supporting the hypothesis that increased c-kit expression is associated with increasing degree of malignancy in stromal lesions.
Morphologically, it was observed that the expression of c-kit was mostly localized in the subepithelial areas of stromal condensation, where the stromal cellularity tends to be highest, and where mitoses also tend to be more frequent. This indicates that c-kit expression is highest in the more active areas of the stromal proliferation, and is consistent with the role of c-kit in cellular proliferation.
For phyllodes tumors with recurrences or metastases, there does not appear to be any trend for c-kit expression in relation to recurrences or even metastases. However, the small number of such cases does not allow any meaningful conclusions to be drawn. As the overall percentage of c-kit staining phyllodes tumors is low (overall 29%, ranging from 16.8% for benign tumors to 46% in malignant phyllodes tumors), it is probable that the activation of tyrosine kinase mediated by c-kit is not the only mechanism by which proliferation occurs in phyllodes tumors, although it may be an important one. The expression of c-kit in benign phyllodes tumors suggests that the c-kit-dependent tyrosine kinasedriven proliferative activity may be an early event in the neoplastic pathway. In the current series, the observation of c-kit expression in some benign and borderline phyllodes tumors is in contrast to that found by others 9, 10 in which c-kit expression was observed only in malignant tumors. However, the higher rate of c-kit expression in malignant phyllodes tumors in our study was comparable to these series. 9, 10 In view of the action of the newly developed phenylaminopyrimidine derivative STI571 (Glivec, Novartis), which inhibits tyrosine kinase receptors, and its usefulness in gastrointestinal stromal tumors, 21 the drug may theoretically also be useful in the management of malignant phyllodes tumor, particularly with tumor recurrences or distant metastases.
In this study, we demonstrated increasing c-kit expression in mammary phyllodes tumors, with increasing degree of malignancy. In malignant phyllodes tumors, the rate of expression is up to 46%, similar to that previously reported in the literature. This provides additional strong evidence that c-kit receptor-mediated tyrosine kinase activity may be involved early on in the pathogenesis of phyllodes tumors, and the new therapeutic agent, STI571, Glivec, may be a useful drug therapy for this disease, particularly in the tumor recurrences and advanced-stage disease.
